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CHAPTER I 
THE PROBLEM 
Tntrodtidtidn 
The process of searching through a list to locate a defined target has 
recently received rather extensive experimental and theoretical investigation. 
This task may be construed in several ways, e.g. , searching for the presence 
(or absence) of a target in a memorized (or external) list consisting of letters 
(or numbers), and so on. Many of the variables have been studied in detail 
and seem to hold considerable promise for the understanding of human cogni-
tive functioning. 
For example, it has been suggested that memory search may be an 
important component in the process of recall (James, 1890; Shiffrin and Atkin-
son, 1969; Shiffrin, 1970). A general statement of this notion is that in order 
to recognize or recall a previously presented item a subject must search the 
contents of his memory for some representation of that item. The accuracy 
and speed of his response would depend at least partially upon the mechanisms 
involved in this search. 
Various investigators have shown that the speed and accuracy of 
memory search may be indicative of certain cognitive operations. For 
example, Briggs and Swanson (1969), utilizing a paired-associate task, had 
subjects search for specific responses from groups which contained differing 
numbers of responses. Their results indicated that search speed was a func-
tion of the size of the group examined. Other studies have reported similar 
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results (e, g. Sternberg, 1969; Chase and Calfee, 1969). Weber and his asso-
ciates (Weber, Cross and Carlton, 1968; Weber and Castleman, 1969; Weber 
and Blagowsky, 1970) have repeatedly demonstrated an approximate linear 
function between search time and the number of steps between a stimulus and 
the appropriate response in a memorized circular sequence of stimuli. Correct 
responses in these tasks are rule-defined as a specific number of "transforma-
tions" or steps away from the stimulus. 
In a somewhat different vein, Yntema and Trask (1962) presented sub-
jects with a long series of items taken from six different semantic categories. 
Occasionally the subject was asked to recall the most recent item from a given 
category. They found that the accuracy of the search for that item varied in-
versely with the time since it had been presented. Yntema and Trask hypothe-
sized that each item carried a "time-tag" and that these tags must be scanned 
for the items within a given category. 
Kennedy and Wilkes (1968) have demonstrated that the search process 
through a memorized sentence is sensitive to certain grammatical character-
istics of the sentence. Subjects in their exl)eriment were required to respond 
with the word from a memorized sentence which immediately followed a stimu-
lus word provided by the experimenter, Reaction times to respond were 
significantly increased when the two words were separated by a constituent 
boundary (Chomsky, 1957). 
The present study was an attempt to examine further the relationship 
between search and other memory processes. Specifically, modifications of 
a taskfirst described by Sternberg (1963) were used to investigate the way in 
which memory search may vary in recall as opposed to recognition tasks, and 
as a function of the time allowed for processing the stimuli before responding. 
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Discussion of the Relevant Literature 
Sternberg (1966, exp. II) has employed reaction time (RT) as an index 
of retrieval time in recognition -me~ory experiments, and has proposed a 
theory of the process of retrieval. Ten single-digit numerals were used as 
stimuli in a fixed-set procedure. The nurrl.erals were divided into two subsets, 
each with membership. known to the subject'(§) before the experimental session 
began. Upon presentation of a numeral from the positive set (generally the 
smaller subset), the § was to react as rapidly as possible by moving a lever. 
The appropriate response to numerals in the complementary subset, called 
the negative set, was movement of a second lever. Size of the positive set 
was either 1, 2, or 4 items andrwas changed within.;..§_s. RT was the dependent 
variable. 
Sternberg (1966) proposed that when the .§. is presented a digit from the 
positive set, a representation of the test stimulus is compared, successively, 
to a series of memory representations, one for each member of the positive 
set. Each comparison results in either a match or a mismatch. After the 
search has been completed a positive response is initiated if there has been a 
match, and a negative response otherwise. In terms of the theory, memory 
search is serial, since comparisons are made one at a time, and-is exhaus-
tive, since no response is made until thE;)re has been one comparison for each 
member of the positive set. 
Consistent with the serial and successive aspects of the theory is the 
finding (e.g., Sternberg, 1969) that RT increases linearly with the size of the 
positive set, not only for positive responses but for- negative responses as 
well. The proposition that search of the positive set is exhaustive gains sup-
port from the finding that average time per comparison, as evidenced by the 
slope of the function relating RT to positive set size, is the same for positive 
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and negatlve responses. 
A linear relationship between RT and the set size has also been report-
ed in experiments utilizing a varied set procedure (Sternberg, 1966, exp. I). 
In this procedure digits were presented for 1. 2 seconds and the last digit in 
the list was followed by a 2 second delay, a warning signal, and the probe. 
Lists varied according to length (from 1 to 6 digits) and items, both having 
been assigned randomly withirt .§_s. Following each trial.§. attempted an order-
ed recall of the list. 
Another test of Sternberg's tlieory is provided by the relationship 
between RT and serial position of the probed item .. In a .simple exhaustive 
search neither the order of search nor the serial position of the probed item 
should have an effect on average RT because all items are examined, The 
support given a serial-exhaustive theory by this relationship is weakened by the 
fact that at least one other type of search (one which starts at a random point 
and terminates upon a successful match) could produce similar data. 
Two studies (DeRosa and Morin, 1970, exp. II; Sternberg, Knoll, and 
· Nasto, 1969) have reported an analysis of within set RT which conforms to 
that required by the serial-exhaustive theory. Both studies used a fixed set 
procedure and reported a non-significant main effect of serial position. 
Other investigators, however, have reported data not easily handled 
by this theory. Morin, DeRosa, and Stultz (1967) found a large difference in 
RT related to the serial position of the probed item. These experimenters 
presented lists of 4 single digits at a rate of . 5 seconds per digit. A probe 
followed at the same interval. · Composition of the lists varied across tr,ials 
and recall was not required. When RT was plotted against serial position of 
the probe a small primacy effect and large recency effect were found. That is, 
reactions to the item in the first serial position were always faster than to the 
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item in the second serial position, and the last presented item was identified 
as positive with much greater speed than numerals presented earlier. Striking-
ly similar results have been reported by Corballis (1967) with the same pro-
cedure as Morin, et al (1967) and a . 6 second item presentation time. 
Because these experiments have used only one positive set size it is 
impossible to make a complete test of predictions from the Sternberg model. 
A finding of differential RTs to varying serial positions of the positive set, 
however, seems difficult to reconcile with a serial-exhaustive theory. 
A stronger test of the model is provided by Morin, DeRosa, and Ulm 
(1967). These investigators used sets of 3, 4, 5, and 6 items in a procedure 
similar to that of Morin, DeRosa, and Stultz (1967). They reported not only 
a curvilinear relationship between RT and serial position, but a significant 
quadratic compoent to the function relating RT to positive set size. The ob-
vious disagreement of these results with predictions from the serial-e:xhaustive 
model strongly suggests the need for further theoretical and experimental 
research. 
A Proposed Model and Explanation 
One possible explanation of these conflicting results may be provided 
by a model of memory recently proposed by Waugh and Norman (1965). 
According to this model items pass from a memory store of limited capacity 
(primary memory) to a second, more stable store of virtually unlimited 
capacity (secondary memory). Items are maintained in primary memory 
(PM) and encoded into secondary memory (SM) by rehearsal. Material which 
is not encoded in SM is lost rather quickly when rehearsal is stopped. One 
interesting feature of this model is that the contents of the two storages are 
not mutually exclusivei that is, the probability that an item is recalled is 
dependent upon the probability it is in PM plus the probability it is in SM. 
Hence, the contents of a list of items may be· retrieved from either PM or SM 
or both in a typical recall experiment. 
Recent experimental results (Stanners and Meunier, 1969; Stanners, 
Meunier, and Headley, 1969) have been interpreted as favorable to the Waugh 
and Norman model. These studies provided information on the rehearsal 
aspect of the model, i.e., they strongly suggest a rehearsal process that is 
more efficient for materials which reflect the hypothesized auditory aspects 
of primary memory (Sperling and Speelman, 1970). 
One implication of the Waugh and Norman model is that procedural 
differences among certain of the experiments designed to test Sternberg's 
theory may account for the disparate results. In Sternberg's varied set pro-
cedure each digit was presented for 1. 2 seconds and the list was followed by 
a warning signal and 2 second delay before the probe appeared. Estimated 
implicit speech rates of 3 to 4 items per second (Landauer, 1962; Weber and 
Bach, 1969) would indicate that sufficient time was allowed in this procedure 
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· for rehearsal. In the Morin, et al.. (1967) and Corballis (1967) experiments 
much less time was allowed for rehearsal. Item duration time in these experi-
ments was a maximum of . 6 seconds and the probe was separated from the 
last list item by an interval of less than • 5 seconds. 
Another interesting procedural difference between these two sets of 
studies is the nature of the task required after .§. has made his decision. Sub-
jects in the Morin, et al. and Corballis experiments were not required to 
maintain the items after they had responded to the probe. Because of the 
relatively fast inter-trial interval (4 seconds) .§_s were, in fact, encouraged 
to forget the items in order to minimize proactive interference effects on 
following lists. Forgetting seemed to be facilitated by the fact that in no 
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instance did the number of items to be remembered exceed the estimated ca-
pacity of short-term memory (Miller, 1956), and, hence, encoding into SM 
was not required. Thus, ~s in these experiments did not seem required, nor, 
due to the relatively fast rate of presentation, were they allowed substantial 
opportunity to encode items into SM. 
By presenting the set of positive items only once (at the beginning of 
each block of trials) Sternberg's fixed set procedure (Sternberg, 1967; DeRosa 
and Morin, 1970, exp. II)would seem to require the encoding of some rela-
tively stable representation of the items. In the varied set procedure (Stern-
berg, 1966, exp. I) ~s were encouraged to maintain the items in memory 
following their decision by the requirement of an ordered recall of each list. 
The necessity to maintain a fairly stable memory representation of the items 
and the similarity of the results suggest that ~s in both the varied set and 
fixed set procedures were encoding list items into SM. 
Additional evidence for the importance of the task which follows the 
recognition response is provided by the varied set procedure of Sternberg 
(e.g., 1966,. exp. I) and a study reported by Kennedy and Hamilton (1969). 
The Kennedy and Hamilton experiment found strong recency effects in the 
curve relating RT to serial position of positive probes. Subjects in each 
study were allowed almost equal rehearsal time (1 second vs. 1. 2 seconds) 
and differed only in that Sternberg required a recall after each trial and 
Kennedy and Hamilton did not. The different results from these experiments 
suggest that the presence or absence of a recall task following the decision 
determined how the rehearsal time was utilized. One possible interpretation 
of these results is that only Sternberg's ~s were using the rehearsal time 
to encode the list items into SM. 
The notion that Ss exercise some "control" over the use of rehearsal 
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has been advocated by Atkinson and Shiffrin (1967) and given empirical support 
by Mechanic (1962). Briefly,. Mechanic had §_s pronounce and rate the degree 
of phonetic similarity of pairs of items in an incidental learning task. In con-
trast with the results of previous studies (e.g., Postman and Stark, 1956) 
recall of incidental items increased with practice. One interpretation of this 
result is that §_s typically do not rehearse incidental items. By requiring a 
pronounciation of all items, however, Mechanic forced his §_s to rehearse 
incidental items and recall improved with the additional rehearsal. 
A notion of subject control of encoding has been utilized in a recent 
attempt to explain the relationship between recognition and recall tasks 
(Martin, 1968). Martin has suggested that items are encoded differently 
depending upon the nature of the task; .§.s roust encode only one of many possi-
ble representations of a trigram stimulus in recognition tasks, but roust store 
an integrated form capable of being reproduced in its entirety in recall tasks. 
Thus, slower learning, when measured by written recall, should result from 
the necessity to encode and st0re the complete stimulus item. And, due to 
the greater amount of "information" stored for recall, these items should 
sqffer more from the processes which1 i;erve to produce forgetting. Certain 
experimental evidence (e.g., Martin, 1967) support these suggestions. 
Thus, in sum, the model of roetnory proposed by Waugh and Norman 
(1965) does seem to offer some possibility of explaining differing results ob-
tained from memory search experiments. Specifically, rehearsal, as affected 
by the temporal characteristics and task demands of the experiment, would 
seem to have a crucial effect on memory search. Although the reason these 
search effects are produced is not known, one possibility is that they may be 
a result of seai!?hing different memory stores. That is, appropriate experi-
mental manipulations may force §_s to search either PM or SM. The data 
would suggest, in this case, that the search process is different in. the two 
memory stores. 
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Another explanation of these effects has been recently offered by Stern-
berg, et al. (1969). These authors suggested that memory search (at least for 
the situations reviewed here) may.be a process unique to PM. Different re-
sults would be produced, according to this notion, when part of the material is 
in SM and must be transferred to PM in order to be searched. 
The present study was an attempt to experimentally examine certain 
temporal and task variables in regard to their effects on memory search. 
Specifically, conditions of the experiment were designed so as to allow manipu-
lation of both the opportunity for rehearsal as well as the necessity for rehear-
saL It was hoped that performance differences produced by these factors would 
appear in interaction with the presence or absence of a requirement to recall 
the list. Implications of the results for a serial-exhaustive search theory 
(e.g., Sternberg, 1966) were suggested and, interpretation of the results was 
aided by consideration of the Waugh and Norman (1965) model. 
CHAPTER II 
METHOD 
Subjects 
Ninety-six right handed students from the Introductory Psychology sec-
tions at Oklahoma State University served as §_s. An equal number of male 
and female students served in each condition of the experiment. All Ss were 
given extra credit points as an inducement to participate. 
Materials and Equipment 
Stimuli were randomly composed lists of single digits between 1 and 8 
inclusive .. Forty lists of 4 and 5 · items each, and forty-eight 3 item lists were 
constructed with certain restrictions. No digit was repeated within a list and 
all .digits were used approximately the same number of times at each serial 
position. An equal number of positive and negative probes appeared at each 
set size and each serial position was probed equally often within each set of 
lists. In accord with DeRosa and Morin's finding (1970, exp. I) that sequential 
lists of numbers lead to a different type of processing strategy, care was taken 
to avoid ascending and descending series of digits. 
Digits were presented at a height of 2. 54 cm. by an Industrial Electron-
ics model 693 projector programmed by a Computer Mechanisms model 18 
tape reader and three Hunter timers. RT was measured to the nearest . 001 
second by a Hunter Kloukkounter. 
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Design 
The general design for this experiment was a 2x2x2x2x3 factorial. 
Item duration(. 25 or 1. 00 seconds), interval between the last list item and the 
probe (. 25 or 4. 00 seconds), and post-recognition task (recall of the list or a 
rating of~'s confidence in his decision) were manipulated orth0gonally between 
.. §_s. Each of these 8 between-§_s treatment combinations contained 12 §_s, Size 
of the positive set (3, 4, or 5 items) and probe type (positive or negative) were 
manipulated within §_s. 
Item presentation time was varied in accordance with Aaronson's 
(1967) suggestion that §_s may rehearse during presentation of a list. An addi-
tional manipulation of rehearsal time was provided by varying the delay be-
tween the last list item and the probe. It was thought that by lengthening item 
duration an opportunity for rehearsal would be provided; by introducing a delay 
before the probe a rehearsal process would be required. The literature review 
would suggest that only certain Ss (those required to recall) would utilize the 
rehearsal time provided by a lengthened item duration. It was expected, how-
ever, that all §_s would rehearse when forced to retain the list items for some 
seconds before the probe appeared. 
Three different list lengths were utilized in. order to pr0vide a strong 
test of Sternberg's theory. By using 3 set sizes predictions concerning the re-
lationship. between RT and serial position as well as between RT and size of the 
positive set could be examined (of: Sternberg, 1969 for a discussion). Similar-
ly, the use of positive and negative probes allows still another test of the 
serial-exhaustive search theory. 
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Procedure 
Subjects were tested individually and were assigned to treatment condi-
tions randomly upon arrival in the laboratory. The random assignment of §.s 
to conditions was restricted to the extent that no treatment condition was filled 
a second time until all other conditions had been filled at least once. 
Subjects were seated at a small desk and viewed stimulus items from a 
I \ 
distance of approximately 2 ft, A 3 ft. by 3 ft. sheet of plywood was affixed to 
the side of the desk opposite§. and served both as a mounting for the projector 
and as a mask of the remaining equipment and the experimenter @). A 
toggle-type switch mounted into the top of the desk served as the lever for §.'s 
decision response. The switch had a 2-in. handle and a very light spring load-
ing for ease of operation. Direction of lever movement was balanced across 
the §.s~ Lights were dimmed in the lab room during testing to insure accurate 
perception of the digits. 
Each§. viewed a list presented at a duration of either . 25 or 1. 00 
seconds per item which was followed by an interval of either .• 25 or 4. 00 sec-
onds before the probe, A constant interval of . 25 seconds was maintained be-
tween list items. A buzzer accompanied onset of the probe. RT was the 
elapsed time between probe onset and movement of the lever. Direction of 
lever movement indicated§.' s decision as to whether or not the probe was one 
of the list items. One-half (48) of the §.s attempted written recall of the list 
following lever movement, 
0
the other one-half rated the degree of confidence 
they had in their decision. The confidence rating task was actually used as 
' 
a "filler" in order to provide an intertrial task which was roughly equivalent 
to that required of the recall §.s in terms of time requirements. 
Subjects required to recall were provided a booklet of answer sheets 
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with space marked on each for the appropriate number of items. Ordered re-
call was not specified. Confidence ratings were also made on individual sheets 
from a booklet provided by E. Ratings varied from 1 to 5 with a 1 indicating 
-· 
very high confidence and a 5 very low conf~dence in the correctness of the 
decision. Intermediate levels of confidence were associated with those num-
bers between 1 and 5. 
A 15-second intertrial interval was maintained between the lever move-
ment and a verbal signal of "Ready" by ~ indicating the next trial was about to 
begin. Each S received all lists in blocks corresponding to list size. Order 
of presentation of the blocks was randomized across §.s and a 1 minute rest 
period was allowed between blocks. Three practice trials preceeded each new 
set of trials. 
CHAPTER III 
RESULTS 
Separate analyses-of-variance were performed on the data in an attempt 
to examine the search process between and Within sets of varying size. In-
dividual observations for the analyses were the mean RT of a given.§. in a given 
subcondition. Incorrect decisions accounted for approximately 9% of the lever 
movement responses and were not considered in the analyses. In order to pro-
vide for possible violations of assumptions underlying the analyses, E tests on 
within;...§.s factors were calculated with the conservative procedure recommend-
ed by Greenhouse and Geiser (1958). The • 05 level was adopted as the mini-
mum required for statistical significance. 
Analysis of Between-Set RT 
An analysis-of-variance was performed on the data with each of the 
following factors at 2 levels: item duration (I), delay between the last item and 
the probe (D),. S's task following lever movement (R), and nature of the probe .. 
(P). Size of the positive set (S) was varied across the 3 levels previously 
mentioned. Both P and S were treated as within Ss-factors. The results of 
this analysis are presented as Table I. 
Main effects of set size and.probe type, as well as the SxixDxR inter-
action, all reached statistical significance. The·significant Sand P main 
effects are depicted as Figures 1 and 2 respectively. · Examination of these 
figures indicates that RT increased with size of the positive set (the linear 
component of this function accounted for 99. 8% of the variance) and was longer 
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TABLE I 
ANALYSIS-OF-VARIANCE OF BETWEEN SET DATA 
Source df SS MS 
Between.:.ss 95 13.474 
r 1 • 242 • 242 
D 1 .002 . 002 
R 1 .110 .110 
ID 1 .• 197 .197 
IR 1 . 007 . 007 
DR 1 . 042 . 042 
IDR 1 .·271 • 271 
Error 88 12.603 .143 
Within~ss 480 5.157 p 1 • 067 • 067 
IP 1 .• 002 . 002 
DP 1 .014 • 014 
RP 1 . 005 • 005 
IDP 1 . 007 . 007 
IRP 1 .001 . 001 
DRP 1 . 001 • 001 
IDRP 1 •. 003 .• 003 
Px§.s within gps. 88 .468 .. 005 
s 2 1. 077 • 539 
IS 2 . 019 . 009 
DS 2 • 022 • Oll 
RS 2 . 027 . 014 
IDS 2 • 010 . 005 
IRS 2 . 030 . 015 
/ DRS 2 .009 . 005 
IDRS 2 .• 051 • 026 
Sx§.s in gps. 176 1. 203 . 006 
PS 2 • 001 • 001 
IPS 2 .002 . 001 
DPS 2 • 003 . 002 
JlPS 2 ~00.2 ~Q.Q,~ 
IDPS 2 • 0,07 • 004 
IBPS 2 • 000 • 000 
DRPS 2 .000 .. 000 
IDRPS 2 • 004 • 002 
PSx§.s in gps. 176 2.122 . 012 
NOTE: * indicates p<. 05 and ** indicates p<. 01. 
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F 
1. 692 
<1 
<1 
1. 378 
<1 
,<l 
1. 895 
13.400** 
<1 
2.800 
1. 000 
1. 400 
<1 
<1 
<1 
89.833** 
1.500 
1. 833 
2.333 
<1 
2.500 
<1 
4. 33:* 
<1 
<1 
<1 
~Ji; 
<l 
<1 
<1 
<1 
RT 
720 
700 
680 
660 
640 
620 
600 
580 
a· 
3 4 
SET SIZE 
5 
Figure 1. Mean RT of the Data Collapsed on All Variables But Set Size 
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700 --o-- RT= .4 16 .... 0535 
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RT 640 
.620 
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560..._ __ 3 ____________________ 4 __________________ ~5~-
SET SIZE 
Figure 2 .. Positive a.nd Negative :rrobes Plotted at Each Set Size 
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for negative than for positive probes. Both of these results would seem com-
patible with a notion of exhaustive search if it could be demonstrated that the 
longer RTs to negative probes were produced by some aspect of the task other 
than search. 
One way of separating search time from other components of the rec-
ognition task is to plot regression equations for response times against set 
size. The rate of search can be derived from the slop of the regression line; 
all other components of the task (e.g., encoding of the probe stimulus) are 
reflected in the Y-intercept of the line. Regression equations and lines for 
positive and negative probes (also presented in Fig. 2) clearly indicate that 
search rates were identical in the two .situations. Average search rate in both 
situations was about 19 digits/second. Because the slopes were equal a 
statistical test of their difference was deemed unnecessary. Thus, the signifi-
cant effect of P in the above analysis would seem to be caused by some 
element(s) of the task other than search. This result is similar to that 
reported by Sternberg (1969). 
In order to examine the SxixDxR interaction the data were collapsed 
over probe type and plotted separately for each level of R. Inspection of these 
data (Figures 3 and 4) suggests that the nature of the post-decision task had a 
strong effect on the pattern of the RT curves. RT is consistently slower with 
longer item durations for the recall data (Fig. 3). In the confidence rating 
data, however, there seems to be an interaction between item duration and 
delay; RT was fastest for those conditions where rehearsal time was either 
minimized(. 25-. 25) or maximized (1. 00-4. 00). Presentation of the means 
and standard errors of these data collapsed over set size (Table II) illustrates 
. this point. 
RT 
RT 
18 
aoo,-.--,.---------------------------........ -----------------------
760 
720 
680 
640 
60 
RECALL DATA 
I - D 
--o-- .25 -. 25 
--o--
--1::r--
.25 · 4.00 
1.0- .25 
1.0- 4.0 
560----'-----------------------------_...--------------------------3 4 5 
SET SIZE 
Figure 3. Mean Recall RT for Each ID .Treatment Combination at E'ach:, 
Set Size 
000,----.-------------------------------.-------------------------------. 
760 
720 
680 
640 
600 
560 
C. R. DATA 
I ... D 
--o-- .25-.25 
--o-- .25- 4.0 
1.0- .25 
- -t:r- - I. 0 • 4. 0 , .-
,.,,.,. .-
.,., .,., 
~,.,,.,. 
. .-0 
---
--
--,,.o---
_ ........ 
52na---------------------------------'----------------------------------4 5 
SET SIZE 
Figure 4. Mean Confidence··Rating B'l::.J.or.Er;,tch',ID.Treatm'e:ht•: ·· :. _,: · ,.:: 1 
Combination at Each Set Size 
Times 
MEAN 
(m, sec.) 
SE 
(m sec.) 
TABLE II 
MEAN CONFIDENCE RATING RTs COLLAPSED OVER 
SET SIZE AND PROBE 
• 25-. 25 . 25-4. 00 1.00-.25 1. 00-4. 00 
578 687 .638 592 
4 6 7 4 
Statlstical verification of these results was provided by a significant 
IXD interaction in the analysis of the confidence rating data (Table III). A 
similar analysis of the recall data yielded a large but non-significant 
(!' (1. 44) = 4. 00, p <· 07) IxS interaction (Table IV). 
Analysis of Within-Set RT 
Separate analyses were also performed on the data at each set size. 
Serial position (SP) of the positive probes was an additional factor in these 
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analyses and negative probes were, of course, excluded from consideration.,. 
Set Size 3 
---
The main effect of serial position as well as the DxRxSP interaction 
was significant in the over-all analysis of set size 3 data (Table V), To 
examine this interaction, subanalyses were performed at. each level of R with 
the data collapsed over levels of I. Inspection of Table VI reveals a signifi-
cant effect of SP and of the DxSP interaction in the recall data. The DxSP 
interaction is plotted as the left panel in Figure 5. A rather pronounced 
TABLE III 
ANALYSIS-OF-VARIANCE OF CONFIDENCE RATING DATA 
COLLAPSED OVER PROBES 
Source df SS MS 
Between-Ss 47 2.560 
I 1 • 035 • 035 <1 
D 1 • 012 • 012 <1 
F 
ID l .218 ·• 218 4.192* 
Error 44 2.295 • 052 
Within-Ss 96 ·. 988 
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s 2 .183 • 091 11. 375** 
IS 2 .020 0 010 l. 250 
DS 2 • 015 • 008 1. 000 
IDS 2 • 034 • 017 2.125 
Error 88 .736 0 008 
NOTE: *indicates p<. 05 and ** indicates p<. 01. 
TABLE IV 
ANALYSIS-OF-VARIANCE OF RECALL DATA COLLAPSED 
OVER PROBES 
Source elf SS MS 
Between-Ss 47 4.810 
I 1 • 083 • 083 <1 
D 1 . 007 • 007 <1 
ID 1 •. 001 . 001 <1 
Error 44 4. 719 , 107 
Within-SS 96 .457 
21 
F 
s 2 .351 .176 176.000** 
IS 2 . 007 • 004 4.000 
DS 2 . 003 • 002 2.000 
IDS 2 . 005 . 003 3.000 
Error 88 . 091 • 001 
NOTE: *indicates p<. 05 and ** indicates p <. 01. 
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TABLE V 
ANALYSIS-OF-VARIANCE OF SET SIZE 3 
Source df SS MS F 
Between.;.Ss 95 6.218 
I 1 . 055 . 055 <1 
D 1 . 072 • 072 1.075 
R 1 .022 • 022 <1 
ID 1 • 081 • 081 1. 209 
IR 1 • 009 • 009 <1 
DR 1 • 031 • 031 <1 
IDR 1 • 034 .034 <1 
Error 88 5.914 • 067 
Within-Ss 192 . 918 
SP 2 .065 • 032 8.000** 
IxSP 2 . 002 • 001 <1 
DxSP 2 • 024 • 012 3.000 
RxSP 2 . 012 • 006 1.500 
IxDxSP 2 . 006 • 003 <1 
IxRxSP 2 • 020 . 010 2.500 
DxRxSP 2 . 044 • 022 5.500** 
IxDxRxSP 2 • 005 . 003 <1 
Error 176 .740 . 004 
NOTE: * indicates p <· 05 and ** indicates p<. 01. 
TABLE VI 
ANALYSIS-OF-VARIANCE OF RECALL DATA: SET SIZE 3 
COLLAPSED ON ITEM DURATIONS 
Source df SS MS F 
Between,-Ss 47 3.418 
D 1 • 004 • 004 <1 
Error 46 3.414 • 074 
Within-SS 96 .449 
SP 2 .050 • 025 6.25** 
DxSP 2 • 062 • 031 7.75** 
Error 92 .337 • 004 
NOTE: * indicates p<. 05 and ** indicates p<. 01. 
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recency effect is displayed with data at the . 25 level of D: a strong primacy 
effect is evident at the 4. 00 level of D These data suggest that one effect of 
forcing a period of rehearsal before the probe is to shift the general pattern of 
the serial position curve. With the very short delay, fastest RTs occurred to 
the last serial item; with a longer delay fastest responding was to the first 
serial item. A theoretical interpretation of these results will be presented 
later in this paper. 
No significant effects were found in the comparable analysis of the con-
fidence rating data (Table VII). With the data plotted at the levels of D and SP 
(right panel of Fig. 5) a tendency towards a serial position curbe does appear 
but is not detected by the analysis. 
TABLE VII 
ANALYSIS-OF-VARIANCE OF CONFIDENCE RATING DATA: SET 
SIZE 3; COLLAPSED ON ITEM DURATIONS 
Source df SS MS F 
Between,-Ss 47 2.800 
D 1 .100 .100 1. 695 
Error 46 2.700 • 059 
Within-Ss 96 .469 
SP 2 .025 . 013 2.600 
D:x:SP 2 . 007 . 003 <1 
Error 92 . 437 . 005 
NOTE: * indicates p<. 05 and ** indicates p<. 01. 
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Set Size 4 
Statistical analysis of these data did not produce results comparable to 
those for set size 3. Only the SP main effect reached significance (Table 
VIII). For ease of comparing results across the various set sizes, these data 
are illustrated in the same way as the set size 3 data (Fig. 6). 
TABLE VIII 
ANALYSIS-OF-VARIANCE OF SET SIZE 4 
Source df SS MS F 
Between-Ss 95 10. 971 
I 1 • 303 . 303 2.589 
D 1 • 004 . 004 <1 
R 1 • 021 • 021 <1 
ID 1 .114 .114 <1 
IR 1 • 025 • 025 <1 
DR 1 .046 • 046 <1 
IDR 1 • 083 . 083 <1 
Error 88 10.375 .117 
Within-Ss 288 2.090 
SP 3 .326 .109 18.167** 
IxSP 3 .004 . 001 <1 
DxSP 3 • 058 . 019 3.170 
RxSP 3 • 002 . 001 <1 
IxDxSP 3 . 017 • 006 1. 000 
IxRxSP 3 • 016 • 005 <1 
DxRxSP 3 • 028 · . 009 1.500 
IxDxRxSP 3 • 025 . 008 1. 334 
Error 264 1. 614 • 006 
NOTE: * indicates p<. 05 and ** indicates P<· 01. 
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Inspection of this figure indicates a strong recency effect for all the 
curves. This effect appears to be reduced at the long delay period but the 
statistical analysis did not strongly support this suggestion. The DxSP inter-
action attained a level of approximately . 08. 
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As in the preceeding analysis, the main effect of serial position was the 
only effect to reach significance in the analysis of set size 5 data (Table IX). 
These data are plotted in the same way as those for set sizes 3 and 4 (Fig. 7). 
As with the set size 4 data, these curves exhibit a strong tendency for 
recency effects. 
Other Within-Set Comparisons 
One of the objectives of this study was to determine the effect of rehear-
sal on the memory search process. The ambiguity of the results so far sug-
gests that another approach to this question is needed. One such approach 
would be to test the extreme conditions of rehearsal, i.e., the . 25-. 25 condi-
tions and the 1. 00-4. 00 conditions, for any systematic effects on RT. These 
conditions are plotted as Figure 8. 
This figure demonstrates that, in general, the RT curves tend to be 
flattest when over-all rehearsal time is maximized (the 1. 00-4. 00 curves) and 
most bowed when rehearsal time is minimized (the . 25-. 25 curves). In order 
to test these extreme conditions a series of analyses were performed with re-
call method (R), and total rehearsal time (T) as between Ss factors, and 
serial position (SP) as a within Ss factor. 
Analysis of the set size 3 data revealed a significant main effect of SP 
and of the TxRxSP interaction (Table X). Inspection of Figure 8 reveals rela-
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TABLE IX 
ANALYSIS-OF-VARIANCE OF SET SIZE 5 
Source df SS MS F 
Between-Ss 95 19.827 
I 1 • 243 . 243 1.146 
D 1 . 033 • 033 <1 
R 1 .134 .134 <1 
ID 1 • 644 .644 3.038 
IR 1 • 017 , 017 <1 
DR 1 • 005 .005 <1 
IDB 1 • 099 • 099 <1 
Error 88 18.652 . 212 
Within-Ss 384 3.421 
SP 4 . 285 . 071 8.875** 
IxSP 4 . 005 • 001 <1 
DxSP 4 . 063 • 013 1. 625 
RxSP 4 • 023 . 006 <1 
IxDxSP 4 . 001 . 000 <1 
IxRxSP 4 .020 . 005 <1 
DxRxSP 4 . 041 • 010 1. 250 
IxDxRxSP 4 .111 • 0278 3.475 
Error 352 2.872 • 008 
NOTE : * * indicates p <. 01. 
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TABLE X 
ANALYSIS-OF-VARIANCE OF SET SIZE 3 DATA AT . 25-. 25 
AND 1. 0-4. O LEVELS 
Source df SS MS F 
Between-Ss 47 2.726 
T 1 • 001 . 001 <1 
R 1 • 055 . 055 <1 
TxR 1 . 038 . 038 <1 
Error 44 2.632 . 059 
Within-Ss 96 • 509 
SP 2 .041 . 022 4.50** 
TxSP 2 . 007 . 004 <1 
RxSP 2 . 012 . 006 1. 200 
TxRxSP 2 .041 . 022 4. 50** 
Error 88 .408 , . 005 
NOTE: ** indicates p<.01. 
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tively flat curves for the 1. 00-4. 00 condition and different shape serial position 
curves for the . 25-. 25 conditions. Subanalyses on the data at each level of the 
T variable confirmed these observations: A signiHcant RxSP interaction 
emerged only in the data with a • 25-. 25 presentation time. These subanalyses 
are presented as Tables XI and XII. This significant interaction reflects the 
strong recency effect in the recall curve as opposed to the primacy effect in the 
confidence rating curve. 
In line with the rationale for this analysis, it was hoped that a signifi-
cant TxSP interaction would emerge from subanalyses performed at each level 
of R. Such results, however, were not found. 
The analysis of set size 4 and 5 data provided little support for a hypo-
TABLE XI 
ANALYSIS-OF-VARIANCE OF SET SIZE 3; • 25-, 25 LEVEL 
Source df SS MS F 
Between-Ss 23 1.672 
R 1 • 001 • 001 <1 
Error 22 1. 671 . 076 
Within-Ss 48 . 284 SP 2 • 026 . 013 3.250 
RxSP 2 . 039 . 020 5.00** 
Error 44 . 219 . 004 
NOTE: ** indicates p <. 01. 
TABLE XII 
ANALYSIS-OF-VARIANCE OF SET SIZE 3; 1. 0-4. 0 LEVEL 
Source elf SS MS F 
Between-Ss 23 1. 054 
R 1 . 093 . 093 2,163 
Error 22 • 961 . 043 
Within-Ss 48 . 225 
SP 2 • 022 . 011 2.750 
RxSP 2 • 012 • 006 1,500 
Error 44 .191 . 004 
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thesis of rehearsal effects on search processes. Only a significant main effect 
of serial position was found in each analysis (Tables XIII and XIV). This lack 
of significant results conforms to earlier findings with these sets. 
TABLE XIII 
ANALYSIS-OF-VARIANCE OF SET SIZE 4; • 25-. 25 
AND 1. 0-4. 0 LEVELS 
Source elf SS MS 
Between-.§.s 47 3.974 
T 1 .185 .185 
R 1 . 093 • 093 
TxR 1 • 002 • 002 
Error 44 3.694 • 084 
Within Ss 144 1.190 
SP 3 .149 • 050 
TxSP 3 . 026 • 013 
RxSP 3 . 017 . 006 
TxRxSP 3 . 034 • 011 
Error 132 • 964 • 007 
NOTE: ** indicates p<. 01. 
F 
2.202 
1.107 
<1 
7.143** 
1. 857 
<1 
1. 571 
TABLE XIV 
ANALYSIS-OF-VARIANCE OF SET SIZE 5; . 25-. 25 
AND 1. 0-4. 0 LEVELS 
Source df SS MS 
Between-SS 47 8.790 
T 1 , 068 . 068 
R 1 • 451 .451 
TxR 1 . 034 . 034 
Error 44 8.237 .187 
Within,-Ss 192 1. 263 SP 4 .128 . 032 
TxSP 4 . 033 . 008 
RxSP 4 . 058 . 014 
TxRxSP 4 . 040 . 010 
Error 176 1.-004 . 006 
NOTE: ** indicates p <, 01. 
Analysis of Recall Data .and Confidence Ratings 
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F 
<1 
2.412 
<1 
5.333** 
1. 333 
2.333 
1. 667 
Recall errors consisted of failures to recall a digit or the production of 
a digit not in the list. Item position was not considered in scoring. 
There were approximately 2. 9% total recall errors throughout the 
experiment. Sternberg (1969) has reportedthat total recall errors stay close 
to this minimal level until lists of 6 and 7 items are utilized. The lack of a 
large number of recall errors provides strong evidence that the task was well 
within the memory capacity of the subjects. 
Of the 48 §.s making confidence ratings, only 5 indic.ated intermediate 
levels of confidence in their decisions. That is, 43 of the §.s used only the 
11111 and 11511 categories on the rating sheets. This result indicates that Ss had 
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a very high level of confidence in the correctness or incorrectness of their 
decisions. This finding may be taken as additional evidence that the task was 
well within the memory capabilities of the subjects. 
CHAPTER IV 
DISCUSSION 
Recall and Confidence Rating Data 
The low number of recall errors, together with consistently high con-
fidence ratings, indicate that forgetting played a minimal role in this experi-
ment. This very high degree of retention is similar to that reported by other 
investigators (e.g., Sternberg, 1966) and seems essential to a study concerned 
with the nature of memory search. 
Between-Set Data 
These data were consistent with a serial and exhaustive model of 
memory search (Le., Sternberg, 1966). With the data collapsed over all 
variables but set size, RT was clearly a linear function of set size with an 
average search rate of about 19 items/ second. While such a finding is not 
sufficient to establish the serial-exhaustive model, it is certainly compatible 
with one. 
One potentially troublesome finding for this model was the fact that 
RT to negative probes was significantly slower than that to positive probes. 
This difference could be attributed, however, to some processes other than 
search. Regression lines plotted for the RT curves for each probe type re-
vealed identical search rates in both situations. The difference in the Y-
intercept for both lines (about 21 msec.) appears to be a little understood but 
common finding (Sternberg, 1969). 
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Performance differences produced by the post-decision task appeared 
in the context of a significant interaction in the confidence rating data. RT for 
recall §_s was significantly influenced only by set size. One explanation for 
this result is that the addition of the recall task forced Ss to treat the materials 
in a similar fashion regardless of other experimental variables. For example, 
the recall task may have forced §.s to encode all items in a similar fashion 
and/or in a similar abstracted form (Posner, Boies, Eichelman, and Taylor, 
1969). These suggestions are tentative at best and much further research is 
required before definitive interpretations of this result are possible. 
RT for the confidence rating §_s, on the other hand, appeared to be a 
function of the total amount of rehearsal time allowed. Fastest RTs were 
associated with those conditions where rehearsal time was minimized (. 25-
. 25) or maximized (1. 00-4. 00), Although any attempt to explain: this finding 
is admittedly post-hoc, one rather intriguing hypothesis can be derived from 
a two state conception of memory. 
Because very little rehearsal time was allowed items in the . 25-. 25 
condition, fast RTs would have been the result of a search of items already in 
primary memory (PM) when the probe appeared. The correspondingly fast 
times in the 1. 00-4. 00 condition would seem to imply that these items were 
processed in a similar fashion., This similarity could have arisen from one 
of at least two different possibilities. (1) The search of 1. 00-4. 00 items 
could have been conducted in secondary memory (SM) and, hence, would seem 
to indicated a similar search process in both PM and SM. Or (2) the items 
may have been transferred to PM before they were searched. Although little 
work has yet been done concerning these alternatives, recent data and 
theoretical notions (Sternberg, et al., 1969; Klatzky and Atkinson, 1969), as 
well as introspective evidence, would seem to recommend the second possi-
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bility. The explanation suggested is that enough time was allowed in the 1. 00-
4. 00 condition for the encoding of stimuli into SM and the transferrence of a 
representation of them back into PM before the probe appeared. The fact that 
intermediate amounts of rehearsal time led to slower RTs would seem to 
follow rather directly from this suggestion. Enough time was allowed in these 
procedures for the rehearsal of the items only; when the probe appeared, a 
representation of the stimuli had to be transferred to PM before .§. could make 
his response. 
This type of theorizing serves a function more nearly heuristic than 
explanatory. Other possible ways of "explaining" the data are not difficult to 
generate. An interesting sidelight to these results, however, is the difficulty 
they present for a single state model of memory (cf: Melton, 1963; Bernbach, 
1970). One example of this difficulty is that single state models generally 
assume that the function of rehearsal is to strengthen the memory trace of an 
item. According to this scheme, then, RT for confidence rating .§_s was 
fastest to the "weakest" and "strongest" traces simultaneously. 
The fact that any interpretation of this data is hazardous should not, 
however, obscure the importance of at least two general statements that do 
seem warranted. First, the nature of the task required after the decision re-
sponse has an effect on what§, does before he responds. And, secondly, these 
effects are manifested through §.'s use of his rehearsal time. Both total re-
hearsal time available and the nature of the post-decision task have been 
shown to be important in the above data. 
Within-Set Data 
Because these findings seem to vary with set size, a discussion of 
individuals set size results seems necessary before any more general 
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comments can be made. 
The data from set size 3 provides perhaps the clearest example of the 
effect of a delay period before the probe. Considering the recall data only, 
the effect of forcing§, to rehearse (i.e., introducing the delay) was to produce 
a strong primacy effect in the serial position curve. Without this delay, a 
strong recency effect was evident. 
One way of interpreting a serial position curve is to suggest that the 
material is located partially in PM and partially in SM (e.g., Glanzer and 
Cunitz, 1966; Craik, 1970). Thus, if search is conducted in PM (as has been 
suggested, i.e., Sternberg, 1969) then unequal RTs are produced because 
certain material must be transferred to PM before a complete search may be 
conducted. Fastest RTs would be accorded those items already in PM when 
the probe appeared. Hence, a recency effect would seem to result when re-
hearsal of the last item was not allowed or was severely restricted thereby 
preventing its transfer to SM. Early list items would be provided some re-
hearsal time while the list was being presented (Aaronson, 1967) and could 
conceivably be encoded into SM during this period. 
The fact that a primacy effect is produced when a delay is introduced 
before the probe would follow from this explanation if one additional assump-
tion is allowed. This assumption states that items are transferred from SM 
to PM in serial order, e.g., the first item, then the second item, etc. A 
strong primacy effect would seem to result from this serial transfer notion 
(Sternberg, et al., 1969). An interesting implication of this argument is that 
the search process which would produce these results would be self-termina-
ting. 
Some evidence for these suggestions is provided by appropriate com-
parisons from the left panel of Fig. 5. Here it is observed that RT is very 
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similar for those items which were presumably in PM when the probe appear-
ed (i.e., item 1 with D at the 4 second level and item 3 with D at the . 25 
second leveL ) The difference between these points is only 2 msec. Similar-
ly, there is a very small difference (9 msec.) between item 3 in the 4 second 
curve and item 1 in the . 25 second curve. Both of these items were pre-
sumably in SM when the probe appeared. 
The lack of a serial position curve in the confidence rating data is 
difficult to interpret. One possible explanation is that the rehearsal strategy 
may be less consistent over §,s when recall is not demanded than when it is a 
necessity. When recall is not required it may be that some §,s transfer the 
material and others do not. No clear cut effects would, thus, appear in the 
data. 
Analysis of the data from set sizes 4 and 5 did not conform to the pat-
tern of results found for set size 3. A reinspection of Figures 6 and 7 indi-
cates a tendency for strong recency and weak primacy effects in these data. 
A central task of this discussion is to suggest why these results did not 
complement those for set size 3. Unfortunately, the available literature on 
this point is not very helpful. The one study which reported both between- and 
within-set data (Sternberg, et aL, 1969) found relatively flat serialposition 
curves for set sizes of 2, 3, and 4. 
Possible explanations for these results are provided by an examination 
of data from other areas of research. Bower and Winzenz (1969) h,ave noted 
that a basic strategy employed in the learning of an arbitrary series of sym-
bols is to segment or group successive items into chunks. The chunks are 
small (2-4 items) and, according to Bower and Winzenz, facilitate the 
learning of lists as small as 4 and 5 items. 
Because of the small number of recall errors there is no clear way to 
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detect from these data whether or not Ss were using a chunking strategy with 
set sizes 4 and 5. However, the power of this technique for aiding memory 
(i. e, , Miller, 1966) and the verbal reports of ~s in this and a similar study 
(Clark, 1970) strongly suggest that at least some ~s were utilizing a chunking 
strategy. Indeed, one explanation for the observed results is that §_s were 
encoding a chunked form of the first few list items into SM and maintaining the 
last items in PM. A recency effect would be produced by the necessity to re-
trieve the first items from SM before they could be searched. 
Another suggestion concerning the puzzling results of this experiment 
is supplied by a consideration of the power of the statistical tests utilized. 
Considerations of power ate of concern because of the high degree of vari-
ability typically associated with RT data (Woodworth and Schlosberg, 1954). 
Of the many ways available for increasing power (e.g., Kirk, 1969; Winer, 
1962) most investigators choose to increase the number of observations in 
the experiment and/ or use well-practiced subjects. For example, Sternberg 
typically used each of his subjects over many experimental sessions; Morin, 
DeRosa and Stultz (1967) utilized a very large number of subjects for one 
session each. 
Evidence that this experiment suffered from "weak" statistical tests 
is provided by Figure 8. This figure strongly suggests that the serial position 
curves were considerably flatter for the 1. 00-4. 00 conditions than for the 
. 25-. 25 conditions. Appropriate analyses failed, however, to detect these 
effects. Enough similar examples could be presented to suggest that this 
study could be improved by the addition of more and/ or less variable data. 
CHAPTER V 
SUMMARY AND CONCLUSIONS 
The purpose of this experiment was to study certain temporal and task 
variables in regard to their effects on memory search. Subjects were shown 
varying .size lists of digits. At a predetermined interval following the last item 
another digit was presented and the subject indicated whether or not this digit 
was a member of the previous list. Latency of response was the dependent 
variable of main interest. The opportunity for rehearsal of the list as well as 
the necessity for rehearsal were manipulated in various conditions of the 
experiment. An additional variable was the presence or absence of a require-
ment to recall the list. 
The point does seem well made by the data that the memory search 
process is sensitive to various experimental factors. While specificity does 
not seem warranted until more conclusive data are presented, it does seem 
that rehearsal processes act to influence the nature of the search. Not only 
the amount of time available for rehearsal but the presence or absence of a 
requirement to rehearse were shown to produce performance differences. 
At least two other aspects of the results would seem to benefit from 
further study. (1) A further examination of the performance differences pro-
duced by a requirement to recall or not recall would be of empirical as well 
as theoretical interest. It was suggested in this paper that subjects utilize 
different rehearsal strategies depending upon the presence or absence of a 
recall requirement and that there is less variability in the nature of this 
43 
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strategy when recall is required. And (2), it would be very desirable to know 
more about the nature of the transfer process from SM to PM. For example, 
what are the temporal characteristics of the process? Does it proceed in a 
serial fashion? Is it sensitive to characteristics of the item, etc. ? Very little 
empirical data exist on this potentially important theoretical point. 
--
One significant aspect of this study was the demonstration that much 
important data is lost if both between- and within-set analyses are not per-
formed, Most studies (e.g., Sternberg, 1969; Moss and Sharac, 1970; etc.) 
/ 
have tended to ignore this fact. In the present study no evidence against a 
serial-exhaustive conception of search was gleaned from the analysis of 
between-set data. Most within-set effects, on the other hand, were adequately 
described as serial position curves with either marked recency or primacy 
effects. Such contradictory evidence concerning the serial-exhaustive model 
suggests that a more thorough analysis of this theory is needed. 
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